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[57] ABSTRACT 

A capillary for an optical ?ber connector which is low in 
machining cost and a process for producing the same is 
provided. The capillary for an optical ?ber connector of the 
present invention comprises a cylindrical ceramics sintered 
body, and having a straight-hole like narrow hole 3 with a 
slightly larger inner diameter than an outer diameter of the 
optical ?ber bare line for passing the bare line of the optical 
?ber therethrough, and a tip surface for connection at which 
the narrow hole opens; and an inner surface of the narrow 
hole being substantially a sintered surface. Therefore, a 
number of steps of grinding of the inner surface of the 
narrow hole is markedly reduced thin the conventional 
capillary for an optical ?ber connector so that production 
cost can be reduced to a low amount. 

3 Claims, 12 Drawing Sheets 
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CAPILLARY FOR OPTICAL FIBER 
CONNECTORS AND METHOD OF 
MANUFACTURING THE SAME 

UTILIZABLE FIELD IN THE INDUSTRY 

The present invention relates to a capillary for an optical 
?ber connector to be used for an optical connector for 
transmitting an optical signal between optical ?bers wherein 
tip surfaces of two optical ?bers are confronted with each 
other. 

PRIOR ART 

An optical ?ber connector is an article to connect optical 
?bers so that optical signals are transmitted well between 
optical ?bers by precisely confronting tip surfaces of two 
optical ?bers. 

FIG. 17 is a sectional view showing schematic structure 
of a representative optical connector presently used. The 
optical connector 100 connects left and right ?ber optics 
cables 101 and 101' of the ?gure. 

In the ?ber optics cables 101 and 101", optical ?bers 102 
and 102' are passed through. The optical ?bers 102 and 102' 
are peeled off from the ?ber optics cables 101 and 101' and 
inserted through a narrow hole 105 at the center of a 
capillary 104 in the optical connector 100 and ?xed with an 
adhesive. The capillaries 104 and 104' are set in a sleeve 106 
by confronting with each other to the axial direction. Both 
capillaries 104 and 104' are connected at their tip surfaces at 
substantially the center in the sleeve 106 (capillary contact 
ing tip surface 108, machined to spherical or plane surface). 
At the contacting tip surfaces of the capillary, optical ?bers 
102 and 102' should be closely contacted with each other 
substantially without axial deviation or angle deviation. Said 
contacting tip surfaces are previously polished when manu 
facturing a capillary to adjust the shape of the tip surfaces, 
and ?nally, it is integrally polished with an optical ?ber 
on-site and then assembled. Thus, optical signals can be 
passed through both optical ?bers substantially without 
attenuation nor re?ection. Incidentally, ?anges 107 and 107‘ 
at the both ends of the optical connector 100 are ?xed to ?ber 
optics cables 101 and 101' by an adhesive and inserted into 
a housing mating portion via a click, and the housing mating 
portion is connected with a sleeve 106 (not shown) by a 
screw, a bionet lock, a push-on lock, etc. Therefore, a force 
worked between ?ber optics cables 101 and 101' is trans 
ferred from ?anges 107 and 107' to the sleeve 106, and no 
force is applied to optical ?bers 102. 
An example of the size of respective portions of the 

optical connector 100 is as follows. 

(D Optical ?ber: diameter 125 um 
(2) Capillary: Outer diameter 2.5 mm, length 10.5 mm 

Inner diameter 126 pm 
Characteristics required for a material for such an optical 

connector capillary are as follows. 

(D Optical ?ber is easily passed through narrow hole. 
(2) The material may be machined with good precision. 

Particularly, precision of inner and outer diameter of narrow 
hole, straightness and concentricity of the narrow hole and 
the outer peripheral surface can be made with good preci 
sion. 

(39 Toughness is a certain degree or more. Even when 
erroneously dropped at connector assembling or con 
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2 
necting operation, or impact is applied thereto, not 
broken. 
@ In contract to the coe?icient of thermal expansion 

5X10"6 °C. of the optical ?ber, the coefficient of ther 
mal expansion of the material is not so far therefrom. 
If the optical ?ber recedes in or projects out of the 
narrow hole of the capillary due to temperature change, 
it becomes loss in optical signal transmission. 

As the materials for a capillary of optical ?ber which is 
required for such characteristics, a ceramic sintered body has 
widely been used. The reason can be considered that it is 
excellent in the following points as compared with metal and 
plastics. 
(D Since plastic deformation is hardly occurred, no 

deformation nor burr during machining is occurred so 
that machining can be carried out precisely. Also, when 
capillaries are butted, they are not deformed by butting 
pressure. 
@ It has good conformability with a ?ber mainly com 

posed of a glass and a ?ber can be easily inserted even 
when clearance of an inner diameter of the capillary 
and an outer diameter of the ?ber is 1 pm or less. 

6) Di?erence in thermal expansion from the ?ber is little 
and it is excellent in heat resistance so that it is durable 
against change in thermal circumstance. 

Q1) It is excellent in wear resistance so that contamination 
at the tip surface due to wear powder is hardly occurred 
and connection failure is seldom generated at repeated 
connecting-and-releasing of a connector. 

As for the shape or materials of a capillary for an optical 
?ber connector and a process for producing the same, many 
numbers of patent applications have been ?led. For example, 
in Japanese Patent Publication No. Hei. 1-45042, a process 
for producing a capillary for an optical ?ber connector 
which contains the steps of forming an original shape of a 
capillary by sintering a cylindrical molded material com 
prising alumina, etc. as a main component to which a 
primary hole is made for inserting an optical ?ber stock line 
at the center thereof, and after sintering, a wire is passed 
through the primary hole of the capillary whereby polishing 
the primary hole by a diamond paste, etc. attached onto the 
surface of the wire. 

In Japanese Provisional (Unexamined) Patent Publication 
No. Hei. l-262507, there is disclosed a capillary for an 
optical ?ber connector which comprises, in an optical ?ber 
connector provided by a pair of ferrules (capillaries) tip 
portions of optical ?bers are each to be ?xed, a sleeve at 
which these ferrules are inserted and butted, and a means for 
applying a butting pressure to these ferrules to the axial 
direction; the butted tip surface of said ferrules being made 
convex spherical surface with curvature radius of 10 mm to 
25 mm on the longitudinal axis of said ferrules as a center. 
Also, there is disclosed that the ferrule (capillary) is consti 
tuted by a zirconia ceramics. 

In Japanese Provisional (Unexamined) Patent Publication 
No. Hei. 2804508, there is disclosed a connector for an 
optical ?ber which comprises, in a connector for an optical 
?ber wherein an optical ?ber is ?tted to an axial hole 
provided along the center of a ceramic ferrule (capillary), 
and optical ?ber are connected by butting tip surfaces of the 
ceramic ferrules for connection; said axial hole being con 
stituted by a straight tube portion in which an inner diameter 
is constant to the axial direction and a tapered tube portion 
which spreads out toward the inserting tip surface side into 
which an optical ?ber is inserted. 
As the process for producing such a ceramics capillary, an 

extrusion forming method, injection molding method or 
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powder pressing method can be considered. However, in the 
case of the extrusion forming method, only a straight tube 
can be produced so that a tapered portion must be formed by 
machining. When such a post-machining is to be carried out, 
operation should proceed carefully so as to not leave a 
machining ?aw. This is because when a machining ?aw is 
generated, there is a fear of damaging or breaking a ?ber by 
contacting with the portion. Therefore, the extrusion form 
ing method is expensive in machining cost so that it cannot 
be said that it is suitable for the process for producing a 
capillary. In this point, the injection molding method and the 
powder pressing method are preferred since a tapered por 
tion can be formed simultaneously. Among these, the injec 
tion molding method which gives good dimensional accu 
racy of the resulting sintered body is most preferred. 

FIG. 18 is a sectional view of one example of the 
conventional mold for injection molding. At the ?rst mold 
111, a cavity 112 for a capillary is provided by cutting. Also, 
at the second mold 113, a tapered portion 114 and a needle 
115 are projectingly provided, and a gate 116 is provided. 
The second mold 113 is matched to the ?rst mold 111, and 
at this time, a tip of the needle 115 is introduced into a 
concave portion 111a of the ?rst mold 111. In this state, 
ceramics powder containing a binder is injected into the 
cavity 112 with a high pressure through the gate 116. 
Task to be Solved by the Invention 
When the injection molded ceramic capillary was cut, it 

was found that a narrow hole portion formed by the needle 
115 was not completely linear but slightly curved. This is 
because, as shown in FIG. 18 with an imaginary line, the 
needle 115 bent. That is, the needle 115 is extremely thin and 
little in flexural rigidity, and an injected compound is not 
with complete uniformity spread to the circumferential 
surface of the needle 115 so that it can be estimated that the 
needle bent around the center portion to the lengthwise 
direction of the needle 115. 
Bending at the narrow hole portion can be allowed with 

a some extent but as for the portion exceeding the allowable 
range, it is necessary to correct the bending by applying 
“hole machining”. The diameter of the narrow hole portion 
is regulated to a uniform value in the ?nished product after 
sintering so that when the hole machining is carried out, it 
is necessary to expect a margin of cutting. If it is the case, 
the diameter of the narrow hole portion of the molded 
material becomes small with the amount of the margin of 
cutting and at the same time, the needle 115 becomes also 
thin. Since a thin needle becomes further thin, there occurs 
the vicious circle of further increasing the above bending 
and de?ection whereby a countermeasure thereto is 
required. Even in the powder pressing method, it is di?icult 
to apply the pressing pressure to the needle with complete 
uniformity so that the same problem exists. 

Also, when the hole machining is applied to, an edge is 
likely formed at the border of the tapered portion (103 in 
FIG. 17) and the narrow hole portion (105 of the same 
?gure) so that there is a fear that the edge will likely damage 
the ?ber bare line to be introduced. Therefore, the hole 
machining is not easy and causes increase in production 
costs. 

After all, in the conventional capillary for an optical ?ber 
connector and a process for preparing the same, the follow 
ing problems are involved. 
@ Narrow hole machining is essential and the cost is 

increased for doing the machining. 
(2) An edge (machining burr) is likely fonned at the cross 

portion of the narrow hole and the tapered hole portion 
so that there are fear that a ?ber is broken or damaged 
when introducing the ?ber. 
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An object of the present invention is to provide a capillary 

for an optical ?ber connector and a process for producing the 
same with a low machining cost. 
Means for Solving the Task 
A capillary for an optical ?ber connector of the ?rst 

embodiment according to the present invention comprises, 
in a capillary used for an optical connector in which tip 
surfaces of two optical ?ber are butted to transmit optical 
signals between both optical ?ber; a cylindrical ceramics 
sintered body, having a straight-hole like narrow hole with 
a slightly larger inner diameter than an outer diameter of said 
optical ?ber bare line For passing the bare line of the optical 
?ber therethrough, and a tip surface for connection at which 
the narrow hole opens; and an inner surface of said narrow 
hole being substantially a sintered surface. 
A capillary for an optical ?ber connector of the second 

embodiment according to the present invention comprises, 
in a capillary comprising a cylindrical ceramics sintered 
body which is used for an optical connector in which tip 
surfaces of two optical ?bers are butted to transmit optical 
signals between both optical ?bers; having a straight-hole 
like narrow hole with a slightly larger inner diameter than an 
outer diameter of said optical ?ber bare line for passing the 
bare line of the optical ?ber therethrough, a tip surface for 
connection at which the narrow hole opens, a tapered hole 
portion which elongates gradually tapering and positioned at 
an opposite side of the tip surface for connection of the 
narrow hole on the same axis as the narrow hole, and a 
straight-hole like large hole which is connected with the 
tapered hole portion on the same axis and for inserting an 
optical ?ber core line therethrough; and an inner surface of 
said narrow hole being substantially a sintered surface. 
Action 
The capillaries for an optical ?ber connector of the above 

two embodiments according to the present invention each 
have a narrow hole substantially a sintered surface so that 
number of steps for grinding is markedly reduced as com 
pared to the conventional capillary for an optical ?ber 
connector. Thus, a manufacturing cost can be depressed to a 
low amount. Also, at the grinding of the narrow hole, an 
edge which may be formed at the cross portion of the narrow 
hole portion and the tapered portion, etc. is not generated. 
Therefore, damage of a ?ber caused by the edge can be 
prevented. Here, the narrow hole of the capillary is substan 
tially a sintered surface means that remarkable narrow hole 
machining (machining margin of 5 pm or more) through 
which the conventional bending is retouched is not carried 
out. Therefore, it is the meanings that in addition to the 
complete sintered surface, a surface to which a slightly 
retouching grinding is applied of such a degree that adhered 
ceramic powder is removed or a surface to which blast 
machining is applied with free abrasive grains is included. 

In the capillary for an optical ?ber connector of the 
present invention, a molded body for a ceramics sintered 
body which constitutes the aforesaid capillary may be 
obtained by injection molding a mixture of ceramics powder 
and a binder. 

This is because a capillary formed by an injection mold 
ing easily gives a sintered body having good dimensional 
accuracy and surface accuracy than a capillary formed by an 
extrusion or powder pressing. 

In the capillary for an optical ?ber connector of the 
present invention, it is preferred that the aforesaid optical 
?ber is a single mode optical ?ber, the aforesaid narrow hole 
diameter dC is 125 pmédcél27 pm, and the aforesaid 
narrow hole length of 1.2 to 8.5 mm. As described in detail 
below, it is suitable for making a connector transmission loss 
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(connection loss) of optical signals little by making an 
oblique angle (inclination) of an axis of an inserted ?ber to 
an axis of the capillary O.l° or less. 

Further, in order to ensure the ?ber oblique angle of 0.05 ° 
or less under the above conditions, the above narrow hole 
length is preferably 2.3 to 6.1 mm. 

In the capillary for an optical ?ber connector of the 
present invention, it is preferred that the aforesaid optical 
?ber is a multi mode optical ?ber, the aforesaid narrow hole 
diameter dc is 126 pmédcél28 um, and the aforesaid 
narrow hole length of 0.9 mm or more. Further, the narrow 
hole length in this case is more preferably 1.7 to 8.5 mm. 
The reason is that in the multi mode optical ?ber, a value 
allowable as a connection loss is larger than that of the single 
mode. In general, while the maximum value of the connec 
tion loss allowable in the single mode is less than 0.5 dB, it 
may be less than 1 dB in the multi mode. Therefore, as for 
the ?ber oblique angle, a wide tolerance is allowed in the 
multi mode, and it is to be ensured a value of 02° or less, 
preferably O.l° or less. The value of 0.9 mm or more is a 
value which can ensure the oblique angle of 0.2° or less, and 
the range of 1.7 to 8.5 mm is a value which can ensure the 
oblique angle of O.l° or less. 

In the capillary for an optical ?ber connector of the 
present invention, it is preferred that the aforesaid optical 
?ber is a multi mode optical ?ber, the aforesaid narrow hole 
diameter do is 128 um§dc<l3O um, and the aforesaid 
narrow hole length of 1.4 mm or more. Further, the narrow 
hole length in this case is more preferably 2.9 to 7.5 mm. 
This is the same reasons as the reasons mentioned above. 

In the capillary for an optical ?ber connector of the 
present invention, it is preferred that the aforesaid optical 
?ber is a multi mode optical ?ber, the aforesaid narrow hole 
diameter dB is 130 tunédcél32 um, and the aforesaid 
narrow hole length of 2 mm or more. Further, the narrow 
hole length in this case is more preferably 4 to 6.1 mm. This 
is the same reasons as the reasons mentioned above. 

In the capillary for an optical ?ber connector of the second 
embodiment according to the present invention, it is pre 
ferred that the sum of the aforesaid narrow hole length and 
the aforesaid tapered hole portion length is 5 mm to 8.5 mm. 
This is because when the adhering method and an adhesive 
for the capillary and the optical ?ber presently used are 
employed, good heat-cold-impact characteristics (men 
tioned hereinbelow) can be obtained in the above range. 

Further, the sum of the aforesaid narrow hole length and 
the aforesaid tapered hole portion length is more preferably 
5.5 mm to 8.5 mm, and said length is most preferably 6 to 
8.5 mm. This is because a safety factor against an instability 
factor (slight degree work failure) at connecting work of 
optical ?ber becomes high. 

In the capillary for an optical ?ber connector of the second 
embodiment according to the present invention, it is pre 
ferred that the aforesaid large hole length of 2 mm or more. 
The large hole portion is a portion which is to be adhered to 
the ?ber core line, and adhesive strength of both can be 
maintained with a high degree whereby impact resistance 
becomes good. 

In the capillary for an optical ?ber connector of the second 
embodiment according to the present invention, it is pre 
ferred that the aforesaid tapered hole portion is also a 
sintered surface and the border portion of the narrow hole 
and the tapered hole portion is a smooth surface without 
machining burr (edge). This is because when the ?ber is to 
be introduced into the capillary, operation is easy and 
damage of the ?ber bare line can be prevented. ' 

In the capillary for an optical ?ber connector according to 
the present invention, it is preferred that an oblique angle 
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6 
(6mm) to the capillary axis of a narrow hole opened to the tip 
surface for connection is 0.10 or less in the single mode and 
02° or less in the multi mode. This is because connection 
loss of optical signals at the connector can be reduced to a 
low degree. 

In the capillary for an optical ?ber connector according to 
the present invention, it is preferred that the aforesaid inner 
surface roughness of the narrow hole is R,,=0.l pm or less. 
This is because the ?ber bare line can be introduced 
smoothly into the capillary, and also damage of the intro 
duced ?ber bare line can be prevented so that lowering in 
strength of the bare line can be prevented. 

In the capillary for an optical ?ber connector according to 
the present invention, it is preferred that the aforesaid 
ceramics sintered body is a zirconia series sintered body and 
crystal grain size at the inner surface of the aforesaid narrow 
hole of 0.5 um or less. Further, the above crystal grain size 
is more preferably 0.3 pm or less. 
The zirconia sintered body has high toughness and hardly 

broken. Those having a ?ne crystal grain size are advanta 
geous in the point of making the surface roughness of the 
narrow hole small. Further, it is advantageous for preventing 
generation of cracks at cooling after sintering or increasing 
hardness of the sintered body. 

In the capillary for an optical ?ber connector according to 
the present invention, it is preferred that an opening angle of 
the aforesaid tapered hole portion is 10° to 20°. This is 
because the ?ber bare line can be easily introduced into the 
capillary and it is advantageous for preventing damage of 
the ?ber bare line. 

In the same view, the above opening angle is. more 
preferably 12° to 18°. Further, said angle is most preferably 
14° to 16°. 
The process for producing a capillary for an optical ?ber 

connector according to the present invention is a process for 
producing a capillary for an optical ?ber connector com 
prising aceramics sintered body provided by a straight-hole 
like narrow hole for inserting an optical ?ber bare line 
therethrough; which comprises an injection molding step for 
obtaining a molded body by subjecting a mixture (com~ 
pound) of ceramics powder and a binder to an injection 
molding into a mold provided by a molding pin for forming 
the above narrow hole, a degreasing step for removing the 
binder from the molded body, and a sintering step of 
sintering the degreased molded body to obtain a sintered 
body; and the above molding pin has a diameter d" deter 
mined by the formula: d":dL/(s-z) from a diameter of the 
above narrow hole dc, a sintering shrinkage factor s, and a 
shrinkage factor 2 at cooling solidi?cation of the molded 
body. 

In the process for producing a capillary for an optical ?ber 
connector according to the present invention, in order to 
control a discrepancy of an angle of the narrow hole due to 
bending of the above molding pin at the injection molding 
to a predetermined value, a narrow hole length L may be 
determined according to the following formula. 
(D In the case of the single mode; 

LZ-1800(dC-—df)/1t and 
L§(tan O.1°Xd"4E/6.79W)1/3/SZ 
@ In the case of the multi mode; 
L§900 (dC-—df)/1t and 
L§(tan 0.2°xd"4E/6.79w)1’°/sz 
dc: Narrow hole diameter 
(1,: Bare line diameter 
d": Molding pin diameter, d"=dL]sz 
E: Young’s modulus of the molding pin 
w: Lateral load acted on the pin at an injection molding 
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s: Sintering shrinkage factor 
2: Molding shrinkage factor 

A possible maximum oblique angle 9mm of an axis of the 
?ber bare line against an axis of the capillary at the tip 
surface for connection (hereinafter abbreviated merely to as 
bare line oblique angle) is represented by the following 
formula. 

?mm=umgx+?max (1) 

otmax: Possible maximum oblique angle for narrow hole 
axis 

BM“: Possible maximum oblique angle against narrow 
hole axis of the bare line axis 

Here, or may be considered to be a deflection angle of the 
molding pin of the mold at an injection molding, the angle 
being inclination of the narrow hole axis as such. In such a 
case, (Imax is considered to be a one end supported and 
another end ?xed beam (see FIG. 3) and shown by the 
following formula. (see “Mechanical Engineering Hand 
book, Modi?ed 5th Edition”, page 47) 

w: Lateral direction distribution load acted on the molding 
pin at an injection molding, it is considered to be 
uniform distribution load. 

L": Length of narrow hole corresponding portion of the 
molding pin 

E: Young’s modulus of the molding pin constituting 
material 

I: Geometrical moment of inertia of the molding pin 
The molding pin has a circular sectional surface with a 

diameter d" so that it becomes as follows. 

Formula (3) is substituted for Formula (2) as follows. 

otmax=tarfl (679WL'G/dME) (4) 

Here, an example of a method for obtaining the value of 
w (distribution load) is explained. 
The maximum de?ection y"max of the molding pin is as 

follows under the same conditions as the above de?ection 
angle was obtained. 

(5) 

Also, y"max is as follows from de?ection ymax in the 
capillary real product (sintered body). 

s: Sintering shrinkage factor 
2: Linear shrinkage factor at cooling-solidi?cation of the 

sintered body 
From (5) and (6), the following is led. 

Here, when the data for y, s and Z are obtained with 
respective predetermined conditions, w can be estimated. If 
so, (Xmax can be estimated from Formula (4). 
On the other hand, when am,‘ is geometrically considered 

(see FIG. 4), it is as follows. 

dc: Narrow hole diameter 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

df: Bare line diameter 
L: Narrow hole length 
From Formulae (l), (4) and (8), it is as follows. 

emx=amax+ max=tan_1 (6.79wL"3/d"4E)+l8O(dC—a'f)/(7tL) (9) 

Here, in the case where L (L") is short, the second term 
of the right side becomes predominant, while in the case 
where L (L") is long, the ?rst term of the right side becomes 
predominant so that the following can be considered. This is 
because (x is proportional to the cube of L". 

@ In the case of the single mode; 
As for the lower limit value of L: 

As for the upper limit of L: 

6,,,,,,‘=tan_1 (6.79WL"3/d"4E)§0.l° Therefore, L=L"l(sz)§(tan 
0.1°><d'“’E/6.79w)1’3/(sz) (11) 

Q) In the case of the multi mode; 
As for the lower limit value of L: 

As for the upper limit of L: 

Incidentally, 6max§0.l° or 02° is one example. Based on 
the above formulae, as for speci?c calculation results in the 
case corresponding to Claims 4 to 11, they are described in 
the part of Examples. 

In the process for producing a capillary for an optical ?ber 
connector according to the present invention, in order to 
estimate a discrepancy of an angle of the narrow hole due to 
bending of the above molding pin at the injection molding 
and control the discrepancy of the angle to a predetermined 
value or less, a viscosity of the compound for injection 
molding in a mold cavity may be controlled to a suitable 
value. 

Also, in the process for producing a capillary for an 
optical ?ber connector according to the present invention, in 
order to estimate a discrepancy of an angle of the narrow 
hole due to bending of the above molding pin at the injection 
molding and control the discrepancy of the angle to a 
predetermined value or less, an injection speed may be 
controlled to a suitable value. Incidentally, an improvement 
of a mold such as the sum of a sprue length from a top end 
of the sprue to a manufacturing portion and a runner length, 
a ratio of the diameter of the runner portion and a thickness 
of a ?lm gate, etc. provides an effect directly to the viscosity 
and the injection molding speed, thereby mold bending is 
controlled so that it would be needless to say that they are 
belonging to this category. 

In the above estimating formula (9) of 8m, w (lateral 
load of a molding pin) is affected by a viscosity or injection 
speed of the compound. Accordingly, even after determining 
the size of the molding pin, a discrepancy of an angle (am) 
of the narrow hole can be controlled to a regulated value or 
less by controlling the viscosity or injection speed of the 
compound. 

In the process for producing a capillary for an optical ?ber 
connector according to the present invention, the injection 
molding may be carried out under the conditions satisfying 
the following formulae. 
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(D In the case of the single mode; 

Q) In the case of the multi mode; 

(11020.2 (15) 

A: Constant 

r]: Apparent viscosity value of the compound 
B: Constant 

It has been found that between the lateral load w acting on 

the molding pin at injection molding and an apparent 
viscosity value 1'] of the compound, the following relation 
ship exists. 

w=exp {-11 log n+B)} (16) 

A: Constant, one example 0.46 

B: Constant, one example 2.81 
That is, in the element of the above one example, when 

the apparent viscosity value of the compound is made high, 
w becomes small. The fact that w becomes small means that 

bending of the molding pin at the injection molding also 
becomes small. Accordingly, when the parameters of For 
mulae (l4) and (15) including T] are controlled, a capillary 
having a small oblique angle (that is, an oblique angle of the 
?ber bare line is small) of the narrow hole can be produced. 

In the process for producing a capillary for an optical ?ber 
connector according to the present invention, it is preferred 
that the volume ratio of the ceramics powder in the above 
compound for injection molding is 30 to 70%. If the volume 
ratio of the ceramics powder is too low, holes are likely 
formed in the molded body and sintered body so that a 

surface roughness at the inner surface of the narrow hole 

becomes rough. Also, a time required for degreasing of the 
molded body becomes long. Further, stability of the shrink 
age factor becomes poor so that dimensional accuracy of the 

sintered body becomes poor. 
If the volume ratio of the ceramics powder is too high, the 

compound does not ?ow smoothly at injection molding so 
that surface roughening (that is, surface roughening of the 
sintered body) of the molded body occurs. Therefore, the 
abovementioned range is preferred. For stability of produc 
tion, the volume ratio of the ceramics powder is more 
preferably 40 to 60%. 

Table l is a graph summarized evaluations of molded 
bodys having various binder compositions. The ceramics 
powder (ZrO2, grain diameter 0.3 pm) is mixed by a volume 
ratio shown at the left column of the table. As can be seen 

from the table, by using a polystyrene series, acrylic series 
and wax series binders, satisfactory results are obtained 
within the range of the ceramics powder volume ratio of 30 
to 70%. With an acrylic series binder, a compound using the 
ceramics powder volume ratio of 40 or 60% is used, 
particularly good molded body was obtained. 
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TABLE 1 

Evaluation of molded body with various compound 
compositions 

(ceramics = ZrO2, grain diameter 0.3 pm) 

Degreasing Shrinkage Surface 
x Binder Hole property stability roughening 

20 Polystyrene X X X 0 
series 

20 Acrylic X X A 0 
series 

30 Polystyrene A A A 0 
series 

30 Acrylic A A O 0 
series 

40 Acrylic O O O 0 
series 

60 Acrylic O O O 0 
series 

70 Acrylic O O O A 
series 

70 Wax series 0 A O O 
80 Acrylic O O O X 

series 
80 Wax series 0 A O X 

0: Good, A: Normal, X: Poor 

In the process for producing a capillary for an optical ?ber 
connector according to the present invention, it is preferred 
that the molding pin of the above injection molding mold is 
constituted by a high rigidity material (Young’s modulus of 
5x104 kg/mm2 or more) containing WC. This is because 
bending of the molding pin at the injection molding can be 
made little. In the process for producing a capillary for an 
optical ?ber connector according to the present invention, it 
is preferred that the above optical ?ber is a multi mode 
optical ?ber, and the diameter of the narrow hole portion of 
the above molding pin is 149 to 185 pm. Also, when it is the 
single mode one, the diameter of the narrow hole portion of 
the molding pin is preferably 147 to 178 pm. 
When the shrinkage factor of the molded body is less than 

2%, the volume ratio of the ceramics powder is 40 to 60% 
and a relative density of the sintered body is 100% (equal to 
the theoretical density), the diameter of the molding pin 
becomes as mentioned above. Incidentally, the narrow hole 
diameter of the capillary for the multi mode optical ?ber is 
127 to 132 pm and the narrow hole diameter of the capillary 
for the single mode optical ?ber is 125.5 to 127 um. Such a 
pin is thicker than the pin conventionally used (about 140 
pm), and thus, bending of the pin at the injection molding 
can be made small. 

In the process for producing a capillary for an optical ?ber 
connector according to the present invention, it is preferred 
that a grain size of the above ceramics powder is 1 pm or less 
in average and a volume ratio of the ceramics powder is 30 
to 70%. It is to ensure the characteristics of the molded body 
and the sintered body. Incidentally, the average diameter 
herein mentioned is a median diameter (a diameter in which 
a cumulative distribution of 50%). As a material of the 
ceramics powder, there may be used YZO3 partially stabi 
lized ZrO2, CeO2 partially stabilized ZrO2 (an application 
by the same applicant, ?led on Mar. 10, 1994, Reference No. 
935513), A1203, etc. 

In the process for producing a capillary for an optical ?ber 
connector according to the present invention, it is preferred 
that a main component of the above binder is a high 
molecular weight compound having an average molecular 
weight of 10,000 or more. This is effective for heightening 
a viscosity of the compound. Examples of such a high 
molecular weight compound may include an acrylic series 
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resin, a polystyrene series resin, etc. Among these, an acrylic 
series resin is particularly preferred since a shrinkage factor 
of the molded body is low and dimensional stability is good. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A sectional view of the capillary in accordance 
with one example of the present invention. 

FIG. 2 A sectional view showing the conventional optical 
connector. 

FIG. 3 A drawing showing de?ection of a pin for a 
capillary injection molding. 

FIG. 4 A drawing showing an inclination of a narrow hole 
of a capillary and an optical ?ber bare line. 

FIG. 5 A graph showing the relationship between a length 
of a narrow hole portion of a capillary sintered body and the 
maximum de?ection. FIG. 6 A graph showing the relation 
ship between a length of a narrow hole portion of a capillary 
sintered body and the maximum de?ection angle. 

FIG. 7 A graph showing the relationship between a length 
of a narrow hole of a capillary sintered body and the 
maximum angle oblique 8m“ of a ?ber bare line. 

FIG. 8 A graph showing a variation of connection loss at 
an optical ?ber connecting portion prepared by using the 
conventional ferrule. 

FIG. 9 A drawing schematically showing a capillary for an 
optical ?ber connector according to one example of the 
second embodiment of the present invention and an optical 
?ber to be introduced thereinto. 

FIG. 10 A graph showing the relationship between a 
length of a straight tube portion with a small diameter and 
an adhesion strength of a ?ber. 

FIG. 11 A graph showing a variation of connection loss at 
an optical ?ber connecting portion prepared by using a 
ferrule of the present example. 

FIG. 12 A graph showing a variation of connection loss at 
an optical ?ber connecting portion prepared by using a 
ferrule of Comparative example. FIG. 13 A sectional view of 
another example of a ceramics capillary of the present 
invention. FIG. 14 A graph showing the relationship 
between a compound viscosity T] (poise) and a lateral load 
w (kgflmmz) applied to a molding pin. FIG. 15 A graph 
showing a viscosity value region capable of accomplishing 
axis discrepancy 9max§02° when a narrow hole length L is 
changed. FIG. 16 A graph showing a viscosity value region 
capable of accomplishing axis discrepancy 9,,mé0. 1 ° when 
a narrow hole length L is changed. FIG. 17 A sectional view 
showing schematic structure of a representative optical 
connector presently used. FIG. 18 A sectional view of a mold 
of one example of the conventional injection. FIG. 19 A 
graph showing the relationship between a large hole length 
of a capillary and a retention strength of a ?ber bare line. 

EXAMPLE 

In the following, Examples of the present invention and 
Comparative examples are explained. First, Comparative 
example in accordance with a conventional capillary having 
no tapered portion which is on condition that narrow hole 
machining is to be carried out is ?rstly explained. 
By the following conditions, a sintered body for a capil 

lary of Comparative example was prepared. 
Shape: shown in FIG. 2. Characteristic feature resides in 

that a narrow hole 105 is long (10 mm). 
Preparation method: Injection molding’sintering 
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Ceramics powder volume ratio: 41% 
Molding pin material: Cemented carbide 
Compound viscosity: 1.lXlO5 (poise) 
Narrow hole inner diameter is as follows by expecting a 

cutting margin of a grinding. 
Sintered body narrow hole inner diameter: 100 um 

Molded body narrow hole inner diameter: 138 um 

Molding pin outer shape: 138 pm 
Incidentally, a shrinkage parameter from the molded body 

to the sintered body is set 73%. 
A length of a narrow hole is as follows. 

Sintered body narrow hole length: 10.5 mm 
Molded body narrow hole length: 14.5 mm 

The maximum de?ection (ymax) of a narrow hole of the 
sintered body for a capillary prepared by the above 
conditions was 27 pm. This data and a molding pin 
diameter d"=l38 pm, Young’s modulus of the pin E 
=5.31 x 104 kg/mm2, total shrinkage parameter sz=O.73 
and L"=14.5 mm are put in Formula (7) to obtain a 
lateral load acted on the molding pin at injection 
molding w=l . l><l0_4 kgf/mm. 

Also, the above data are substituted for Formula (4) to 
obtain an oblique angle of the narrow hole is otmax=0.42° 
(shown in FIG. 6 mentioned below with A.). 
On the other hand, an oblique angle Bum to the narrow 

hole of the ?ber bare line is substituted the narrow hole 
diameter dc=l32 um (multi mode maximum diameter), the 
?ber bare line diameter dj=l25 pm, L=10.5 mm for Formula 
(8) to obtain [5max=0.035°. Accordingly, angle discrepancy 
(an oblique angle to the capillary of the ?ber bare line) of the 
?ber bare line 6mm is 

The value of 6m is a value far greater than the limit value 
0.1° of the single mode and the limit value 02° of the multi 
mode and is markedly bad and out of discussion. 

Next, a capillary which is on condition that narrow hole 
machining is not to be carried out is explained. 

Shape example: a shape example of a capillary with a type 
having a narrow hole 3, a tapered hole portion 4 and a large 
hole 2 is shown in FIG. 1. 

Material, preparation method, etc.: They are made the 
same as the case of the conventional type as mentioned 
above except for not effecting a narrow hole machining. 

Narrow hole inner diameter: The following four types 
were considered. 

@ Single 1: Sintered body dC:127 um, Molded body 

@ Multi 1: Sintered body dc=l28 um, Molded body 
d"=175 pm 

@ Multi 2: Sintered body dC:l30 um, Molded body 
d"=178 pm 

@ Multi 3: Sintered body dC=132 um, Molded body 

FIG. 5 is a graph showing the relationship between a 
length of a narrow hole portion of a capillary sintered body 
and the maximum de?ection, and according to the graph, it 
can be understood that when a length of the narrow hole 
portion of the capillary sintered body is small, de?ection 
ymax becomes small like an exponential function. Inciden 
tally, Comparative example is additionally shown as A. On 
the other hand, FIG. 6 is a graph showing the relationship 
between a length of a narrow hole portion of a capillary 
sintered body and the maximum de?ection angle, and 
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according to this graph, it can be understood that when a 
length of the narrow hole portion of the capillary sintered 
body is small, de?ection angle otmax becomes small like an 
exponential function. 

FIG. 7 is a graph showing the relationship between a 
length of a narrow hole of a capillary sintered body and the 
maximum angle discrepancy 0mm, of a ?ber bare line. The 
angle discrepancy Gmax is 

0mM=narrow hole oblique angle otmux+?ber bare line oblique 
angle 

and can be calculated by Formula (9). 
The angle discrepancy 6mm is shown in the graph of FIG. 

7 when w is made the aforesaid experimental value, dlzl25 
pm and dc=l27, 128, 130 or 132 pm. @ is a representative 
example in the single mode dC=125 to 127 um, multi l of Q) 
is a representative example at dc=126 to 128 pm, multi 2 of 

is a representative example at dc=l28 to 130 um, and 
multi 3 of is a representative example at dc=130 to 132 
pm. 
The reason why the upper limit value is selected as a 

representative example, respectively, is that these are the 
most severe conditions. From Formula (8), the ?ber bare line 
oblique angle [3mm is proportioned to (dc—df). Since the ?ber 
bare line diameter df=125 pm, the larger dc is, the bigger the 
[3mm is. On the other hand, the angle discrepancy 0mm, is 
shown by 0max=otmax+?max as in Formula (9) so that when 
dc is larger, the angle discrepancy becomes remarkable and 
the conditions become severe. Incidentally, preferred rela 
tionship between the narrow hole inner diameter dC in which 
the upper limit value of the angle discrepancy is made 0.l° 
in the case of a single mode and 02° in the case of a multi 
mode, and further as a safety value, 0.05° in the case of a 
single mode and 01° in the case of a multi mode, and the 
narrow hole length L is as described above. 
On the other hand, for determining the size of a hole of the 

capillary for an optical ?ber connector, heat-cold-impact 
must also be considered. 

In the connector of Japanese Patent Publication No. Hei 
1-45042 (see FIG. 17), the optical ?ber core line 101 is 
supported only by a ?ange 107, but in such a structure, it 
cannot be said that it can su?iciently endure heat-cold 
impact (applying heating, cooling and impact repeatedly). 
Concrete example is explained in the following. 

FIG. 8 is a graph showing a variation of connection loss 
at an optical ?ber connecting portion prepared by using the 
conventional ferrule, and the transverse axis shows a num 
ber of heat-cold-impact cycles and the ordinates axis shows 
the variation of the connection loss. Preparation conditions 
of the above graph are as follows. 

Capillary: 
Material of capillary: ZrO2 (Yttrium partially stabi 

lized, the ratio of YZO3 to ZrO2 is 5.3 wt %) 
Outer diameter of sintered body: 2499100005 mm 
Length of sintered body: 10.5 mm 
Length of small diameter straight tube portion: 10.0 
mm 

Diameter of small diameter straight tube portion: 125.5 
to 126.0 pm 

Machining method of end portion: PC abrasion (spheri 
cal surface machining) 

Heat-cold-impact cycle: 
Normal temperature—->Dropped at the height of 100 
mm at 75° C.—>Maintained at 75° C. for 30 min 
utes-)Normal temperature—>Dropped at the height 
of 100 mm at —40° Maintained at —40° C. for 30 
minutes—>Normal temperature is made one cycle. 
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A controlled value of connection loss of this class is i0.2 

dB. As for 10 samples, 100 cycles test was carried out and 
as the results, 8 samples are good, but 2 samples started 
?uctuation in connection loss over 20 cycles and exceeded 
the controlled value at 30 cycles. 

That is, whereas the number of samples is small as n=10, 
up to 20% of failure was observed so that the conventional 
connector in which a ?ber core line is retained only by a 
?ange can be said to be a structure poor in reliability by the 
present state adhesive method (adhesive two-pack type 
epoxy resin 353ND). 

FIG. 19 is to con?rm the circumstances. A tensile test was 
carried out by ?xing only the core line with an adhesive 
without exposing the bare line to the ferrule. As the results, 
as for the product in which ?xation was carried out only by 
the ferrule, it had peeled off with 2 kgf or so, whereas the 
product in which a length of the large hole portion was made 
2 mm or more in the capillary for an optical ?ber connector 
in the second embodiment of the present invention, it 
showed a core line retention strength of 4 kgf or so. Thus, 
the length of the large hole portion is preferably 2 mm or 
more. 

FIG. 9 is a drawing schematically showing a capillary for 
an optical ?ber connector according to one example of the 
second embodiment of the present invention and an optical 
?ber to be introduced thereinto. Inside of the capillary 1 for 
an optical ?ber connector, a narrow hole 3, a tapered hole 
portion 4 and a large hole 2 are formed. In the optical ?ber 
10, a ?ber bare line 12 is exposed from a ?ber core line 11. 
The ?ber bare line 12 is inserted into the narrow hole 3 and 
the tapered hole portion 4 of the capillary 1. The ?ber core 
line 11 is inserted into the large hole 2 of the capillary 1. At 
the inserted portions, an adhesive (an epoxy resin type, etc.) 
is adhered for ?xation. 
A size of the inner diameter of the capillary in Example 

of FIG. 9 is as follows. Inner diameter of large hole 2: 1.0 
to 1.2 mm Inner diameter of narrow hole 3: 125 to 127 pm 
(single) 126 to 132 (multi) 
The length of the narrow hole 3 is made L3, the length of 

the tapered hole portion 2 is made L4, and the sum of Lsand 
L4 is made Lt. 

FIG. 11 is a graph showing a variation of connection loss 
at an optical ?ber connecting portion prepared by using a 
ferrule of the present example, and the transverse axis shows 
a number of heat-cold-impact cycles and the ordinates axis 
shows the variation of the connection loss. Preparation 
conditions of the above graph are as follows. 

Material of capillary: Same as the above conventional 
example 

Outer diameter of sintered body: 2499100005 mm 
Length of sintered body: 10.5 mm 
Length of small diameter straight tube portion L3: 6 mm 
Diameter of small diameter straight tube portion: 125 .5 to 

128.5 um 
Length of tapered tube portion L4: 1 mm 
Lt: 7 mm 

Machining method of end portion: PC abrasion (spherical 
surface machining) 

Heat-cold-impact cycle: Same as the above conventional 
example 

In Example, after completion of 100 cycles, all 10 
samples are each a variation of the connection loss of 
withini0.2 dB and thus they are good. FIG. 12 is a graph 
showing a variation of connection loss at an optical ?ber 
connecting portion prepared by using a ferrule of Compara~ 
tive example, and the transverse axis shows a number of 










